Abstract. The schizomid family Protoschizomidae, endemic to North America, is represented by two genera and 15 species. While most of the species are distributed in caves in the Sierra Madre Oriental system in Mexico; other species are found in caves in the Sierra Madre Occidental system. Recently, a new species of this family was described from a cave in the Mexican Trans-Volcanic Belt, representing the linking bridge between both Sierras. In the present contribution, we propose a new nomenclature of the pedipalp setae of the protoschizomids. We revise the phylogenetic status of Protoschizomidae using 137 morphological characters (including the proposed pedipalp setae) and 7 outgroup taxa using parsimony criteria. Based on our results, Protoschizomidae was recovered as monophyletic, but the monophyly of Protoschizomus Rowland, 1975 was not recovered because of the inclusion of Agastoschizomus Rowland, 1971 and the fossil Onychothelphynous bonneri Pierce, 1951. Therefore, we transfer the genus Onychothelyphonus Pierce, 1951 and species O. bonneri to this family, but other taxonomical changes were not considered.
The family Protoschizomidae , a relatively small, distinctive group of schizomids ( ). The family was originally described by to accommodate the newly created genus Protoschizomus , and to transfer the genus Agastoschizomus Rowland, 1971 , previously assigned to the subfamily Megaschizominae (see Cokendolpher & Reddell 1992 . Protoschizomus currently contains four troglobitic species and three epigean species, whereas Agastoschizomus is represented by eight strictly troglobitic species (MonjarazRuedas 2013; Monjaraz-Ruedas et al. 2016a).
The distribution of both genera is quite interesting. Even though most of the species are found in cave systems in the Sierra Madre Oriental, they don't follow the same pattern of distribution as other arachnids found in the same mountain system (in the Mexican states of Hidalgo, San Luis Potosí, Oaxaca, Tamaulipas Previous phylogenetic analyses.-Cokendolpher & Reddell (1992) tested the monophyly of the family using a cladistic analysis of morphological traits. Their analysis, based on 14 taxa and 43 characters, had two purposes: first to investigate the relationship of the orders Thelyphonida and Schizomida; and second, the relationships of the members of the family Protoschizomidae. The monophyly of the family was supported by five synapomorphies: (1) a pair of setae at the base of the anterior process; (2) the pedipalps without sexual dimorphism; (3) female flagellum without annuli; (4) flagellar setal pattern different in both sexes; and (5) the male flagellum without distinct stalk ). Agastoschizomus was supported by five synapomorphies and Protoschizomus was supported by three (see fig. 2 in Cokendolpher & Reddell 1992).
In the same contribution, Cokendolpher & Reddell (1992) proposed two species groups within Protoschizomus: the ''pachypalpus'' group (P. pachypalpus , P. rowlandi Cokendolpher & Reddell, 1992 and P. occidentalis Roland, 1975 ) and the ''sprousei'' group (P. sprousei Cokendolpher & Reddell, 1992 and P. purificacion Cokendolpher & . The ''pachypalpus'' group was supported by four characters (two anteriorly placed setae pairs present in the dorsal propeltidiam; the male pedipalps longer than the body length; the tergite III with four setae and the receptaculum margins smooth with pits, see Cokendolpher & Reddell 1992); whereas the ''sprousei'' group was supported only by two characters (the pedipalp trochanter slightly produced, and the absence of Dm4 seta on the female flagellum). Also, Agastoschizomus was recovered as monophyletic as an unresolved polytomy (Cokendolpher & Reddell 1992; their fig. 2 ).
In a recent contribution, Monjaraz-Ruedas et al. (2016b) revised the ancestral state of the schizomid female flagellum annuli, and the homology of the flagellum setae across Protoschizomidae and Hubbardiidae. The monophyly of Protoschizomidae was not recovered using only those characters proposed by . However, new observations on the pedipalp setae (Monjaraz-Ruedas, unpublished data; this contribution) provided additional characters to explore this problem in the systematics of Protoschizomidae. In the present contribution, we propose a nomenclature for the setae found on the pedipalp femur, patella and tibia of protoschizomids; and we include those characters in a Tamaulipas, Mexico Hypogean P. occidentalis Colima, Mexico Epigean P. pachypalpus Tamaulipas, Mexico Epigean P. purificacion Cokendolpher & Tamaulipas, Mexico Hypogean P. rowlandi Cokendolpher & San Luis Potosi, Mexico Epigean P. sprousei Cokendolpher & Tamaulipas, Mexico Hypogean phylogenetic analysis using 15 species of the family Protoschizomidae as the in-group: seven species of genus Protoschizomus (Protoschizomus treacyae Cokendolpher & Reddell, 1992 represents a junior synonym of P. purificacion, new synonymy; see below), and the eight described species of genus Agastoschizomus. As out-groups, we included the fossil O. bonneri and seven exemplar species, representing five genera of the subfamily Hubbardiinae (Hubbardiidae), and Megaschizomus mossambicus (Lawrence, 1958) of the subfamily Megaschizominae (Hubbardiidae) to root our topologies. The matrix contains 137 morphological characters: 65 characters from pedipalp setae, 25 characters from males, and 30 characters from females only. Analyses were conducted with parsimony under equal and three implied weighting regimes. Unfortunately, efforts to collect fresh tissues of these animals to obtain molecular data have been unsuccessful in the past 10 years. This is not rare because until today, only one schizomid molecular phylogeny has been published (Harvey et al. 2008) . Until this becomes possible, the branch support values here reported were not considered significant enough to make the necessary taxonomical changes.
METHODS
Taxa.-Material examined is deposited in the following collections: American Museum of Natural History, New York (AMNH), and in the Colección Nacional de Ara´cnidos, Instituto de Biología, Universidad Nacional Autónoma de México, Mexico City (CNAN), and it is listed in Appendix 1.
Observations were made using Nikon SMZ-800 and SMZ-1500 stereomicroscopes, and a Nikon Eclipse E100 optical Drawings were copied from digital images taken under visible light with a Nikon Coolpix S10 VR camera attached to a Nikon SMZ-800 microscope. The focal planes of image stacks were fused with CombinedZM (Hadley 2008), composite images were edited with Adobe Photoshop CS6, and drawings edited with Adobe Illustrator CS6.
Pedipalp setal nomenclature.-There are four kinds of setae (Figs. 3, 4) : (a) acuminate setae, present on most of the genera of the family Hubbardiidae (Fig. 3A-D) ; (b) macrosetae (Fig.  3E, F) , that are present only in the family Protoschizomidae, and are the equivalent of acuminate setae of hubbardiids but longer and wider than said acuminate setae; (c) feathered setae, present primarily on the pedipalp tibia (Fig. 4) ; (d) spiniform setae, which are dark, thickened setae with an evident socket and strongly sclerotized, and that are very common in genus Hubbardia Cook, 1899 and on Protoschizomidae (Fig. 4) .
Setal patterns and setal forms were examined on all segments of the pedipalp in search of phylogenetically informative characters. In this contribution, we consider and describe: (a) the setae present on ectal and mesal surfaces of the femur, (b) the setae present on the ventral surface of the patella, and (c) the setae present on the ventro-mesal surface of the tibia. Seta numbering on each surface is performed from basal to distal position of the segment. Setae are named based on position (Segment and surface of the pedipalp), with capital letters indicating the different segments of the pedipalp and lower case letters indicating surface or position:
The pedipalp femur of protoschizomids, in general presents more setae than the femur of hubbardiids: protoschizomids (Fig. 3A, C) possess on ectal face 1-3 ecto-dorsal setae (Fed), more than three ectal setae (Fe) and one pair of ecto-ventral setae (Fev), whereas hubbardiids (Fig. 3E, G ) present only two ecto-dorsal setae, three ectal setae and one pair of ecto-ventral setae. On the mesal surface of the pedipalp femur, hubbardiids (Fig. 3F, H) possess only a meso-ventral row of three or four setae (Fmv), whereas protoschizomids (Fig. 3B, D) possess dorsal (Fmd), mesal (Fm), and meso-ventral setae (Fmv), the number of setae in each group varies among species and is phylogenetically informative within the family (see Appendix 2).
The patella possesses two ill-defined rows of setae ( Fig. 4) : one on the ventro-ectal margin (Pe) and one on ventro-mesal margin (Pm); hubbardiids usually have only acuminate setae on the patella (Fig. 4E-H) , whereas protoschizomids tend to have macrosetae (Fig. 5A-D) . Setae Pmm and Pme vary among species of Protoschizomidae, however, in Hubbardiidae, the setae Pme1 and Pmm3 are always present (see Fig. 5C , E).
The tibia possesses three distinct rows of setae on the ventral and the ventro-mesal surface on both families: the external row (Te) usually possesses three setae on hubbardiids and seven setae on protoschizomids; the medial and internal rows possess four setae on hubbardiids and five on protoschizomids, which also present an extra pair of setae Tm, located medially, near medial row and distal margin (Fig. 4) . The number of setae and the shape of the setae (acuminate, feathered or spiniform) of all segments is diagnostic to species level and of phylogenetic importance at the generic level.
Data matrix.-One hundred and thirty-seven qualitative characters of adult morphology (Appendix 2) were scored (Appendix 3) for the 23 terminal taxa in the analysis using museum material. Forty-seven characters were multistate and 90 binary. Twenty-five characters were scored only for males, and 30 were scored only for females. Adult females are unknown in Agastoschizomus huitzmolotitlensis Sixty-five characters were scored from setal patterns in the pedipalp trochanter, femur, patella and tibia; and forty-three characters are coded from the flagellum. Seven characters were uninformative and deactivated in all parsimony analyses ( † in Appendix 2). Analyses were carried out with equal weighting and implied weighting using three values of the concavity constant (k ¼ 1, 3, 10), to assess the effect of weighting against homoplastic characters. The relative support for each node on the preferred hypothesis was calculated with Bremer support (Bremer 1994) and jackknife resampling (Farris et al. 1996) . Bremer support was calculated in TNT by searching for suboptimal trees 10 steps longer, and holding 1000 trees per replication, using the command bremer;. Jackknife support was estimated with heuristic searches of 1000 pseudoreplicates, using the commands resample jak repl;. Cladograms were generated with WinClada (Nixon 2002 ) and edited with Adobe Illustrator C6.
RESULTS
Based on the revision of the holotypes of Protoschizomus treacyae and P. purificacion (both females), we concluded that in the original description by , the diagnostic characters were not correctly observed. These authors differentiated P. treacye from P. purificacion as follows: Dm2 on female's flagellum is absent in P. treacye, but it is present in P. purificacion; the segment/article 5 in female's flagellum is present in P. treacye, but absent in P. purificacion. However, seta Dm2 is also absent in P. purificacion; and recently, Monjaraz-Ruedas et al. (2016b) proposed new terminology for the segments/articles in schizomids (''flagellomere'' and ''annuli''); therefore, both species have the flagellomere 5. In addition to this, we compared the spermathecae of both species and they are similar. Therefore, P. treacyea is now considered a synonymy of P. purificacion (new synonym).
Phylogenetic analyses of family Protoschizomidae.-The analysis with equal weighting and with implied weighting using three values of k (1, 3, 10 ) recovered the monophyly of family Protoschizomidae. Our preferred topology was the one obtained from the analysis with implied weighting and k value ¼ 3 because of its tree statistics (Table 2 ) and the branch support values for the clades recovered (Jackknife and Bremer). In this topology, the family Protoschizomidae was supported by 29 synapomorphies (22 from pedipalp setae characters, Figs. 5, 6) and five homoplastic characters; and with high support values of jackknife and Bremer values (Fig.  5) . Despite the great number of synapomorphies supporting the family, the relationships within Protoschizomidae were not resolved.
The genus Protoschizomus was never recovered as monophyletic due to the terminal placement of Agastoschizomus, which was recovered monophyletic (but with low branch support values); and due to the inclusion of the fossil Onychothelyphonus bonneri. The phylogenetic position of Onychothelyphonus bonneri (supported by the absence of the mesal spur in the pedipalp trochanter; the absence of the annulus 'b' in the female's flagellum and the position of the seta Dl3 in relation toV12) suggests close relationships with extant protoschizomids, rather than being an extinct member of family Hubbardiidae (with which it shared only the size of the female's flagellum, char 105; see below).
The genus Agastoschizomus was recovered monophyletic supported by three synapomorphies (one seta on the anterior process of the propeltidium, the femur of leg IV more than 4.8 times longer than deep, and the male's flagellum seta D13 anterior to V12) but with low jackknife support (70%). There was no internal resolution within Agastoschizomus because the species' relationships had no branch support values.
DISCUSSION
Phylogenetic position of Onychothelyphonus bonneri.-Scoring morphological traits for the fossil terminal for a matrix this size might have resulted in a dubious phylogenetic position. Wiens (2003) mentioned that the number of characters scored for terminals like this is critical for its ''correct'' phylogenetic position. He also mentioned that the insufficient sampling of characters in an incomplete taxon may lead to poor accuracy, both through incomplete resolution, and by increasing the chances that the taxon is spuriously placed on the tree by one or more homoplastic characters (Wiens 2003) . However, how many characters are necessary to establish a fossil taxon's correct phylogenetic position? According to Wiens (2003) , in theory only a single character may be necessary, but increasing the number of characters sampled increases the probability that such a key character will be found.
We consider it is possible to observe ''those necessary characters'' to include Onychothelyphonus bonneri in the family Protoschizomidae: (1) absence of mesal spur, (2) trochanter IV about ½ length of femur IV, (3) female flagellum with seta Dm3, (4) female flagellum with seta Dl1, (5) female flagellum seta Dl3 at same level as Vl2, (6) female flagellum with four annuli.
The phylogenetic relationship of O. bonneri with the extant protoschizomids would certainly not represent a surprise, given the young age of the fossil deposits (Pliocene 1.8 to 5.3 my), as suggested by Dunlop and Penney (2012). However, in our current database, in which O. bonneri is missing 131 characters, we can't assure that this species represents an extinct species of genus Protoschizomus, or in any case, to put into synonymy this genus under Onychothelyphonus (by the principle of precedence); but it certainly represents a member of the family Protoschizomidae and not of Hubbardiidae where it is currently placed. Therefore, we transfer genus Onychothelyphonus and the species O. bonneri to family Protoschizomidae (new familial assignment).
Interestingly, all analyses recovered the following clade: Status of the two genera within Protoschizomidae.-The genus Protoschizomus was not recovered monophyletic nor were the two species groups as in the analysis of . Those authors recovered the monophyly of Protoschizomus supported by three characters: trochanter IV about ½ length of femur, sternite VI short, and the male's flagellum expanded distally (unknown in P. gertschi, P. purificacion (sub adult male), A. stygius and A. texanus). We modified their trochanter IV character into two characters: the ratio of trochanter length: width, and the ratio of trochanter length: propeltidium width (chars 79 & 80 respectively, see Appendix 2); both of which didn't support the monophyly of Protoschizomus. In our analyses, the ''sternite VI short'' character was recovered as a synapomorphy for the family Protoschizomidae, but with a reversal in Agastoschizomus (char 136 in Fig. 5) . Finally, the ''male flagellum expanded distally'' character (our char 83) is the plesiomorphic condition (absent in Agastoschizomus), because it is present in all hubbardiids studied here, and in all but the two species of Protoschizomus for which the male is unknown.
In the analysis of Cokendolpher & Reddell (1992), Agastoschizomus was supported by five synapomorphies, but with no internal resolution. In our analyses, three of those five synapomorphies were recovered, whereas one character (our char 135) was recovered as a regression (because it was shared with the hubbardiids studied here), and the other character (our char 89) is a potential synapomorphy for the family (it is unknown in two Protoschizomus species and in Onychothelyphonus bonneri).
Traditionally, genus Protoschizomus is differentiated from Agastoschizomus based on the adult body size and by the presence of two setae in the anterior process of the propeltidium. Body size is no longer a good character because A. texanus is a small species. In our analysis, the presence of those setae was recovered as the plesiomorphic state (char 6 state 0) in Protoschizomus (shared with Surazomus sturmi (Kraus, 1957), Rowlandius viridis (Rowland & Reddell, 1969) and Mayazomus infernalis ) and as a synapomorphy for Agastoschizomus (char 6 state 1). Therefore, this character remains as the most reliable to diagnose both genera as presently recognized. Unfortunately, molecular data are still missing for almost all protoschizomid species; and until this information becomes available to compare different phylogenetic hypotheses (which may provide better branch support values and better internal resolution), the necessary taxonomical arrangements should wait.
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